By using first-principles calculations, we propose that WC-type ZrTe is a new type of topological semimetal (TSM). It has six pairs of chiral Weyl nodes in its first Brillouin zone, but it is distinguished from other existing TSMs by having additional two paris of massless fermions with triply degenerate nodal points as proposed in the isostructural compounds TaN and NbN. The mirror symmetry, three-fold rotational symmetry and time-reversal symmetry require all of the Weyl nodes to have the same velocity vectors and locate at the same energy level. The Fermi arcs on different surfaces are shown, which may be measured by future experiments. It demonstrates that the "material universe" can support more intriguing particles simultaneously.
I. INTRODUCTION
Different types of topological semimetals (TSMs) have been proposed and studied intensively in recent years.
1-4 All these TSMs can be classified according to the different band crossing points at the Fermi level and the mechanism protecting them. For example, Dirac semimetal (DSM) [5] [6] [7] can be either protected by special crystalline symmetries on high symmetrical crystal momentum points or along high symmetry lines, 8 and Weyl semimetal (WSM) [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] can be stabilized without any additional crystalline symmetry besides the lattice translation. Exotic surface states forming open "Fermi arcs" 6,10,11 and negative magnetoresistance [21] [22] [23] caused by "chiral anomaly" are two important physical consequences of Dirac and Weyl semimetal states. Very recently, another class of TSM materials characterized by three or six fold band crossings was proposed as having "New Fermions" with quite interesting physical properties been discussed in References 24-26.
In the present paper, we propose that ZrTe is a material that in one hosts both the "New Lifshitz transitions may be induced by changing the surface condition accordingly.
II. COMPUTATIONAL DETAILS
The software package OpenMX 27 is employed for most of the first-principles calculations, which is based on the linear combination of psuedo-atomic orbitals. 28 The local or- The bulk Brillouin zone and its projection onto the (100) and (001) surface. The high symmetrical crystal momenta are indicated.
bital basis sets for Zr and Te are chosen as Zr9.0-s2p2d2f1 and Te7.0-s2p2d1, respectively.
The experimental crystal structure of WC-type ZrTe has been studied byÖrlygsson et al. 29, 30 and is fully relaxed until the residual forces on each atom is less than 0.001 eV/Å. Then, a tight-binding model based on these has been established to calculate the surface states with the Green's function methodology. Band structure of ZrTe. The band structure calculated within GGA is shown in With SOC being included, the bands in Fig. 3(a) and (b) along Γ-A cross at two triply degenerate nodal points (TDNPs), which are the massless fermions discussed in TaN and NbN. 26 However, the additional band inversion around K results in six pairs of Weyl nodes in its first Brillouin zone (BZ). Since the properties associated with the TDNP have already been discussed in detail in our previous paper on TaN and NbN, in this work we mainly focused on the properties related to the existence of Weyl points, which is absent in TaN or NbN.
39,40
As shown in is protected by the Z 2 =1 of k z =0 plane. This is similar as the case in TaAs, 12, 15 where the mirror Chern number plays the role. The schematic pattern of Fermi arc is drawn in Fig. 6 (e).
Now we consider the (001)-surface states. On this surface, the two WP symmetric about k z = 0 are projected to the same point in the surface BZ. As they have opposite charges, each projection point contains one positive and one negative monopole charge, and there are six of such projection points. As we consider the configuration of the Fermi arcs, we note that their connection must follow the two constraints: (i) each projection point has and only has two arcs connected to it (ii) the connection pattern should preserve both D 3h point group symmetry and time-reversal symmetry, which are the symmetries of the (001)-surface.
Based on this analysis, we find three distinct configurations for the Fermi arcs. Fig. 7(a) shows the case where each projection point connects to itself via one arc. Mark that this is equivalent to no arc at all since each lobe may shrink to a point. In Fig. 7(b) , the three projection points near and symmetric aboutK andK connect to each other in a loop, forming a trimer. In Fig. 7(c) , all six projection points connect to each other in a large loop across the surface BZ, forming a hexamer. Which of the three cases may appear in a real sample depends on the details of the surface termination and is hence not related to the bulk topology.
The (001) surface states are shown in Fig. 8 . The bulk states around TDNPs are projected onto area aroundΓ. The projections of Weyl nodes are indicated as circles in Fig. 8(b) . The band gap at 10 meV alongM -K is due to SOC and the in-gap surface bands are clearly shown in the inset of Fig. 8(a) , which contributes to the single thread like Fermi surface in Fig. 8(c) crossingM -K. When the chemical potential is set at 50 meV, exactly passing through the Weyl nodes, the Fermi arc connecting to these their projections are clearly shown in Fig. 8(d) , where theΓ-K path and the single thread like Fermi arcs intersect each other.
The (010) surface states are shown in Fig. 9 . Similar to the (100) surface, the topologically nontrivial k z =0 and k z =π planes will intersect the surface atΓ-Ŷ andẐ-M , respectively.
There are two surface Dirac cones centeringŶ andM , respectively, seen in the surface band structure in Fig. 9(a) . AlongŶ -Γ (M -Ẑ), the two branches of the surface Dirac cone the fermi arc pattern is schematically shown in (e). Energy(eV) Note added Upon the completion of our work, we notice a new paper 48 that reports the triply degenerate nodal points in the same material, without studying the Weyl points therein.
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